the presence of BFA, morphological changes and formation of lipid-droplets were observed. The effects of BFAon biosynthesis of cellular components and composition of lipids were analyzed to elucidate the mechanism of its action on growth of yeasts. The results are presented in this paper.
MATERIALS AND METHODS
Chemicals.
[6-3H]Thymidine (25.3 Ci/mmol), [5- 3H]uridine (5.0 Ci/mmol), [l-14C] acetate (40 Ci/mmol) and a [14C]amino acid mixture (5.0 Ci/mmol) were purchased from Daichi Chemicals Inc., Tokyo, and [32P]orthophosphate from the Radiochemical Centre, Amersham. BFA was purified from cultures of a fungus isolated from a soil sample as reported previously,"0 and the same lot of BFAwas used for the present study. was determined and the effect of BFAon the growth was expressed as the minimuminhibitory concentration.
Culture of C. albicans. C. albicans IAM4888 was cultured by shaking at 30°C for 18 hr in L-tubes containing 10ml of medium composed of 1 % polypeptone and 4% glucose. One-half or five milliliters of the culture was then transferred to the L-tubes or Ehrenmeyer flasks containing 9.5 or 95 ml of fresh medium, respectively, and incubated at 30°C with shaking. BFA (0.1 or 1.0ml, methanolic solution) was added at time 0 to the designated antibiotic concentrations. The control cultures also had the same amount of methanol added. The growth was followed by measuring OD550in a Shimadzu spectronic photometer type 20A.
Viable cell counts. The culture broth was vigorously voltexed long enough (2 min) to separate the cells. Viable cell counts were determined by diluting the culture broth with saline and then spreading it on agar mediumplates and incubating at 30°C for 48hr.
Analyses of intracellular lipids. The BFA-treated and untreated cells were harvested by centrifugation (3,000 x g, 10 min) after 20hr cultivation. The collected cells were washed twice with water and then lyophilized. Lipid was extracted three times with a chloroform-methanol mixture (2 : 1, v/v) . The extract was dried under a stream ofN2, and dissolved in 5ml of a chloroform-methanol (1 : 1, v/v) mixture. To the solution was added 2.25 ml of water, the mixture was shaken vigorously and then centrifuged (1,000 xg, 10 min). The lower layer was removed and the upper layer was extracted again with 1.5 ml of chloroform.
The extracts were combined, dried and weighed. The weight of the residue was regarded as that of total lipid. A part of the total lipid was saponified at 70°C for 3hr in 15%methanolic KOH.After extraction of unsaponifiable substances with petroleum ether, the ergosterol content was determined according to the method of Bloor.15) The methanol layer after the petroleum ether extraction was acidified with sulfuric acid, and the fatty acid content was estimated by the method of Itaya and Ui16) using palmitic acid as a standard. Phospholipid and triglyceride contents in the total lipid were determined by the methods of Bartlett17) and Van Handel, 18) Electron microscopy. Both BAF-treated and untreated cells were harvested by centrifugation (1,500 x g, 20 min) and washedtwice with cold saline. Then the cells were fixed with 1% OsO4 for 3 hr, dehydrated with ethanol and embedded with Epon.26) Ultrathin sections were prepared, treated with lead and uranyl acetate,27* and examined with a JEOL model JEM-100Belectronmicroscope. For scanning electron microscopy, both kinds of cells were fixed with 4% glutaraldehyde, and post fixed with 1 % OsO4.28) The fixed cells were gradually dehydrated by washing with increasing amounts of acetone and finally dried by the critical-point method. Specimens were coated with evaporated gold, and examined with a Hitachi model S-700 scanning electron microscope.
RESULTS
Antimicrobial spectrum of BFA All of the gram-positive and negative bac- shown). Amongthe yeasts tested, BFAhad a potent growth inhibitory activity against some species of Candida (Table I) . Candida albicans IAM 4888 was one of the most sensitive strains. In addition, the organism grew in an ovoid form and did not form pseudomycelia on cultivation in the liquid medium. Therefore, it was possible to determine viable cell numbers after BFAtreatment. Thus, the organism was selected for the present study.
Inhibition of growth of C. albicans by BFA C. albicans IAM4888 was grown in the presence of BFA(20 or 100/xm) and its growth was followed by measuring OD550 and viable cell number. The growth was severely inhibited Fig. 3A and C) . Many globules were observed in the cytoplasm of the treated cells, which were stainable with Sudan III indicating that they were lipid globules.
Effect ofBFA on DNA, RNA, protein and lipid b iosyn theses The effect of BFAon biosyntheses of cellular macromolecules was determined by following incorporation of radio-labeled precursors into acid-insoluble products. Cell growth was inhibited by 33 and 47% in the presence of [14C]amino acid was inhibited by 39, 50 and 42%, respectively, after 3 hr of treatment with 100jUM BFA (Fig. 4) . These values are relatively similar to the degree of inhibition of cell growth as determined by measuring BFA and labeled precursors (0.1 /jCi/ml) were added to the cultures simultaneously when OD550 reached 0.29 (0-time). OD550 at 3 hr of incubation was 0.47. Acid-insoluble radioactivity was followed, the experimental details are given in Materials and Methods. #-#, control; %-m, BFA 10 fm; à"à"--#, BFA 100fM. were added simultaneously when OD550 reached 0.31 (0-time), and OD550 of the control at 3 hr of incubation was 0.56. The cells were treated with 5% trichloroacetic acid and collected on Whatman glass-fiber filters, and the radioactivity in whole cells was counted. Lipid was extracted as described in Materials and Methods and radioactivity was counted after removal of the solvent. The symbols are the same as in Fig. 4. of protein, RNAand DNAwere not affected significantly, and this result was in good agreement with that shown in Fig. 4 . Amongthe polysaccharides examined,glucan content was not affected. The content of mannanwas decreased by 13~35% as compared with the control, but dose-dependent inhibition was not observed. Sudan III-stainable lipid droplets were observed after 18hr of treatment with BFA (Fig. 3) . As predicted from this result, C. albicans grown in the presence of BFAcontained about 2-fold larger amounts of total lipid.
Analysis of content and composition of lipid As described above, BFAsignificantly affected the lipid" metabolism in C. albicans. Therefore, components of the lipid fraction were further analyzed. (Fig. 4) .
Fatty acid composition of BFA-treated cells Fatty acid composition was examined to determine whether the increase in the total lipid content is due to an increase in a specific class offatty acid. RNAor protein synthesis is the primary action of BFAaction, since incorporation of radiolabeled precursors into such cellular molecules continued in accordance with the growth, at least for 3hr, even whenthe growth rate was Fraction from C. albicans Fatty acid composition of the total lipid fraction was determined using C. albicans harvested after 20 hr of treatment with BFA. Fatty acid methyl esters were analyzed on a column ofCelite 545 coated with 15% PEGS at 160°C using a Shimadzu model GS-6AMgas-liquid chromatograph, as described in Materials and Methods. The following abbreviations are used; C14, myristic acid; C16, palmitic acid; C16 : 1, palmitoleic acid; linoleic acid, C18 :3, linolenic acid.
lowered by BFA (Fig. 4) . BFA also did not have a significant inhibitory effect on protein and nucleic acid biosyntheses in virus-infected cultured fibroblasts.14) Chemical analyses of the cellular components also, indicated that there is no significant difference between the treated and untreated cells in the cellular DNA,RNAand protein contents (Table II) .
The cell volume of C. albicans increased when grown in the presence of BFA.
Electronmicroscopically, the gross appearance of the treated cells was characterized by rough and irregular cell walls. Accumulation of cytoplasmic lipid-like droplets is another feature of the BFAaction. Microscopic observation clearly indicated that the droplets were lipid globules, since they were stained with Sudan III. Consistent with these morphological changes, BFA-treated cells contained about 2 to 3 times more neutral lipid than the control cells (Table III) . Inhibition of [32P]orthophosphate incorporation into the lipid fraction was observed at an early time in BFAtreatment, and the phospholipid content per mgdry weight cells decreased to about one-half of that of the control after 20hr of treatment, this decrease in phospholipid content is unrelated to fatty acid biosynthesis, since
BFAhad no inhibitory effect on acetate incorporation into lipid on a cell weight basis. In addition, we have observed significant inhibition of incorporation in vitro of [14C]-sw-glycero-3-phosphate into the phospholipid fraction with a concomitant apparent increase of that into the triglyceride fraction when enzyme sources were prepared from BFA-treated cells31} (Hayashi et al., manuscript in preparation) .
This observation in vitro is in good accordance with the above mentioned results that the phospholipid content decreased and triglyceride content increased after BFAtreatment.
Amongthe polysaccharides, a reduction in the mannan content was observed. One possible explanation for this observation is that the effect is secondary to the disturbance of phospholipid metabolism which may severely affect the membrane function. In this connection, BFA specifically affects the biosynthesis of the envelope glycoproteins of Newcastle disease and vesicular stomatitis viruses without affecting biosynthesis of the other virus components.14) This inhibitory effect was observed promptly upon the addition of BFA. Explanation of the action of BFA on glycoconjugate biosynthesis awaits further studies.
